Site selectivity of fluorescent bisquaternary phenanthridinium ligands for acetylcholinesterase.
The synthesis of decidium and hexidium diiodides, their spectroscopic properties, and association with acetylcholinesterase from Torpedo californica are described and compared with those for propidium. Decidium, hexidium, and propidium, bisquaternary analogs of the fluorescent phenanthridinium ligand ethidium, contain 10, 6, and 3 methylene carbons, respectively, interposed between the exocyclic and endocyclic quaternary nitrogens. The three ligands exhibit linear competitive inhibition of enzyme carbamylation by N-methyl-7-dimethylcarbamoxyquinolinium. Dissociation constants for decidium, hexidium, and propidium are found by direct fluorescence titration to be 2.1 +/- 0.2 X 10(-8), 5.8 +/- 1.4 X 10(-7), and 3.7 +/- 0.4 X 10(-6) M, values in close accord with the inhibition constants obtained from kinetic analyses. Association of the three ligands is characterized by a stoichiometry of one fluorescent ligand per 80-kDa molecular weight subunit and occurs with respective 6.5-, 4.5-, and 3-fold increases in both quantum yield and fluorescence lifetime. Decidium and hexidium, in marked contrast with propidium, are dissociated by ligands selective for the active center and undergo pronounced reduction in affinity upon modification of the active center with pyrenebutyl methylphosphonofluoridate. Whereas the kinetics reveal no clear distinctions in inhibitory action of the three ligands, the fluorescence studies indicate that the alkyltrimethylammonium moiety of decidium and hexidium occludes the active center; propidium, in contrast, associates solely with the peripheral anionic site and does not occlude the active center. The temperature dependence of binding indicates that decidium association engenders a substantial increase (+55 eu) in entropy. The data indicate that the active center and peripheral anionic sites are separated by a crevice which can accommodate the hydrocarbon portion of extended n-alkyl cationic ligands, thereby affording entropic stabilization of complex formation. This stabilization is realized, however, only when the anionic subsite of the active center is not occluded, enabling electrostatic interaction between cationic ligand and the anionic active center.